Abstract This study aimed to identify the causal effect of breastfeeding on postpartum depression (PPD), using data on mothers from a British survey, the Avon Longitudinal Study of Parents and Children. Multivariate linear and logistic regressions were performed to investigate the effects of breastfeeding on mothers' mental health measured at 8 weeks, 8, 21 and 32 months postpartum. The estimated effect of breastfeeding on PPD differed according to whether women had planned to breastfeed their babies, and by whether they had shown signs of depression during pregnancy. For mothers who were not depressed during pregnancy, the lowest risk of PPD was found among women who had planned to breastfeed, and who had actually breastfed their babies, while the highest risk was found among women who had planned to breastfeed and had not gone on to breastfeed. We conclude that the effect of breastfeeding on maternal depression is extremely heterogeneous, being mediated both by breastfeeding intentions during pregnancy and by mothers' mental health during pregnancy. Our results underline the importance of providing expert breastfeeding support to women who want to breastfeed; but also, of providing compassionate support for women who had intended to breastfeed, but who find themselves unable to.
Introduction
Approximately 13 % of women experience postpartum depression (PPD) within the 14 weeks after giving birth [1] . If the antenatal period is also considered, as many as 19 % of women experience a depressive episode during pregnancy or the first 3 months postpartum [2] . Post-natal depression has an immediate impact on mothers and carries long-term risks for mothers' future mental health [3, 4] ; it also has significant negative effects on the cognitive, social and physical development of their children [5, 6] . In addition, post-natal depression involves substantial economic costs, in terms of costs to healthcare systems [7] and losses in productivity via maternal absenteeism from work, premature retirement, and long-term unemployment [8] .
The effect of breastfeeding on the risk of PPD is not well understood. Several studies have demonstrated an association between longer breastfeeding durations and a lower prevalence of PPD [9] [10] [11] [12] [13] [14] . However, other studies have suggested the opposite, namely that breastfeeding mothers are at increased risk of PPD [15, 16] ; or found no association [17, 18] . Of those studies which suggest beneficial effects from breastfeeding, several have relied on small samples, and few have controlled for potential confounders such as socioeconomic factors (maternal education, family income, marital status), the quality of relationships (marital stability, social networks), and stressful life events [19, 20] . Thus, it has been extremely difficult to identify whether the observed relationships are causal, as opposed to arising because breastfeeding is more likely to be practiced by mothers whose characteristics are themselves associated with a lower risk of depression [21] [22] [23] . Additionally, as Ip et al. [24] have pointed out, most existing studies have not controlled for pre-existing mental health conditions. Thus, the extent to which breastfeeding influences mental health, as opposed to mental health driving the incidence and duration of breastfeeding, has not been clear. The aim of the current study is to examine explicitly whether breastfeeding affects maternal mental health outcomes. Specifically, we examine the hypothesis that the relationship between breastfeeding and maternal mental health is mediated by the mother's intention to breastfeed. The relationship between breastfeeding and maternal mental health may be driven by biological factors, such as differences in hormone levels between breast-and formulafeeding mothers [25] ; if maternal mental health is also affected by mothers' feelings of success or failure in relation to their original plans and aspirations, we may expect the intention to breastfeed to play a crucial role.
Data and Methods

Data and Key Variables
This research is based on data from the Avon Longitudinal Survey of Parents and Children (ALSPAC), a survey of around 14,000 children born in the Bristol area of England in the early 1990s [26] . Mothers were recruited into the survey by doctors, at the point when they first reported their pregnancy. Data were collected by questionnaires administered to both parents at four points during pregnancy and at several stages following birth.
Details of all data collected in the ALSPAC survey are available on the study website through a fully searchable data dictionary [27] . Our study obtained ethical approval from the ALSPAC Law and Ethics Committee and the Local Research Ethics Committees.
We used a sample of mothers whose children form the ''core sample'' of ALSPAC. This sample consists of 14,541 pregnancies which resulted in 14,676 known foetuses; there were 14,062 live births, and 13,988 babies surviving to 1 year. We employed a maximizing strategy with respect to sample size, using as many observations as possible to analyse each outcome-effect dyad. Sample sizes thus vary slightly between regressions. The experiences of mothers and babies following pre-term births, or separation due to NICU care, may differ from the experiences of other mothers and babies. We do not exclude these mother/baby pairs from our sample, but have checked that our results do not change if they are excluded; these results are available from the authors on request.
As a measure of depression, the Edinburgh Postnatal Depression Scale (EPDS) was used. The EPDS, designed by Cox et al. [28] to screen for PPD, was collected during pregnancy at 18 and 32 weeks' gestation, and post-natally at 8 weeks, and 8, 18, and 33 months. The EPDS is the most frequently used screening questionnaire for PPD; the EPDS is sensitive to changes in depression over time, and has been demonstrated to be a valid and reliable tool for the measurement of both postpartum and antenatal depression [29, 30] . The instrument consists of 10 questions, each with four possible answers describing symptoms of increasing severity or duration; aggregate scores on the EPDS range from 0 to 30. The authors of the EPDS have suggested that women should be referred to a mental health specialist if they score 13 or higher during the post-partum period [31] and 15 or more during pregnancy [32] . Therefore, we constructed indicators of depressive symptomatology, defined as EPDS [14 in pre-natal assessments and EPDS [12 in postpartum assessments.
Mothers were asked during pregnancy how they intended to feed their babies for the first 4 weeks. Following their child's birth, they were asked at several points how they were actually feeding, and the ages at which infant formula and solid foods were introduced. Using this information, we computed seven binary indicators: (1) initiation (putting the baby to the breast at least once); (2-4) any breastfeeding for at least 1, 2 and 4 weeks respectively; and (5-7) exclusive breastfeeding for at least 1, 2 and 4 weeks respectively. We also computed two continuous indicators: total duration of breastfeeding and total duration of exclusive breastfeeding; results for these continuous indicators are similar to results obtained using the binary indicators, and are available from the authors on request.
Analysis
We estimate multivariate logistic regressions, presenting odds ratios and 95 % confidence intervals. All hypotheses are tested using two-tailed p values \0.05.
We present estimates from three specifications. Model A controls only for the child's sex and parental education. Model B additionally controls for other socio-demographic variables, and information on pregnancy and birth. Finally, Model C includes information on the mother's physical and mental health, including antenatal EPDS assessments, together with factors relating to the quality of interpersonal relationships and stressful life events (see Table 6 in the Appendix for precise definitions of these variables). Thus, Model A provides a first approximation to the associations of interest, Model B estimates these relationships net of a range of potential confounders, while Model C aims to estimate causal relationships as accurately as possible by eliminating potential reverse causality arising from the fact that previously depression-prone mothers may be less likely to decide to breastfeed, or to breastfeed for shorter durations.
After conducting this analysis for the whole sample, we split the sample into mothers who were, and who were not, depressed during pregnancy; for each group, we examine differences in outcomes between women who had planned to breastfeed, and women who had not.
Results
Study Variables
Descriptive statistics for variables of interest are shown in Table 1 . The prevalence of antenatal depression, using a cut-off of EPDS [14, is 7 % at 18 weeks' pregnancy and 8 % at 32 weeks, similar to rates reported in previous studies [33] . Rates of PPD were between 9 and 12 %, also similar to results from former analyses [34] . 80 % of mothers in this sample initiated breastfeeding and 74 % breastfed for 1 week or more. By 4 weeks only 56 % of mothers were breastfeeding at all and only 43 % were breastfeeding exclusively. The percentages of women feeding for the different durations considered are shown in Table 1 ; mean durations for breastfeeding and exclusive breastfeeding are also shown. Table 2 shows the raw relationships between postnatal depressive symptomatology, and (a) prenatal depression, and (b) different measures of breastfeeding duration. A significant degree of correlation is present between postnatal and antenatal EPDS scores; a clear negative relationship also exists between symptoms of maternal depression measured at 8 weeks, and breastfeeding duration. The association between depression and breastfeeding is always negative, but generally statistically insignificant, at 8, 21 and 33 months.
Sample Characteristics
Socio-demographic characteristics for sample members are presented in Table 7 in the Appendix. The mean age of participants was 28.3 years (SD = 4.8). 95 % of the women were white, 86 % were married, 13 % had university degrees, while a further 22 % had high school qualifications at age 18 (''A'' levels); and 74 % owned the house in which they lived. In relation to pregnancy and birth, 64 % felt usually well, 55 % percent were working while pregnant, 45 % were primiparous, and only 9 % delivered via Cesarean section. The average gestational age was 39.5 weeks (SD = 1.8). 48 % of mothers and 37 % of fathers had themselves been breastfed as babies. 28 % of the pregnancies were unplanned; 15 % of mothers had lived through their own parents' divorce before their eighteenth birthday. Table 3 presents the results of logistic regressions estimating the effect of breastfeeding on PPD.
As explained earlier, three models are estimated: Model A controls only for the child's sex and parental education; Model B controls in addition for a wide range of socioeconomic and demographic factors, plus information on pregnancy and birth; and Model C also controls for mother's health (including mental health) in pregnancy, relationship quality and stressful life events.
We consider four different outcomes: EPDS [12 measured at 8 weeks, 8, 21 and 33 months postpartum. For each model/outcome dyad, the model is estimated seven times, for seven different measures of breastfeeding (initiation; any breastfeeding for at least 1, 2 and 4 weeks; and exclusive breastfeeding for at least 1, 2 and 4 weeks). Thus, each coefficient in Table 3 comes from a separate regression.
At 8 weeks postpartum, we observe a pronounced relationship between breastfeeding and PPD, under both Models A and B. The odds ratios for these models indicate that longer durations of breastfeeding are associated with larger reductions in the risk of PPD, and exclusive breastfeeding is associated with a larger reduction than any breastfeeding. However, under Model C, when we control for mothers' health during pregnancy, these effects largely disappear; the only significant relationship which remains comes from exclusive breastfeeding for 4 weeks or longer (OR 0.81, 95 % CI 0.68, 0.97).
The relationship between breastfeeding and PPD is also weaker, the later the EPDS score is assessed; at 8 months postpartum and thereafter, most of the estimated coefficients are not significantly different from zero (indeed, a few of the results are counter-intuitive, suggesting that breastfeeding may be positively related to an increased risk of depression measured at 33 months postpartum).
Thus, for the sample as a whole, our results demonstrate little evidence for a causal relationship between breastfeeding and the risk of PPD. In the next section, we investigate the possibility that the relationship between breastfeeding and depression varies according to two factors: whether mothers were assessed as at risk of depression during pregnancy, and whether they had been planning to breastfeed their babies. We show that the relationship between breastfeeding and depression is indeed highly heterogeneous, and that this fact explains why little effect is found when considering women as a homogeneous group.
Heterogeneous Effects by Mental Health During Pregnancy and Breastfeeding Intention
We re-estimated Model C separately for mothers who were, and who were not, depressed during pregnancy (in terms of having a score EPDS [14 at least once during pregnancy). As before, we estimated regressions separately for each time at which postnatal depression was assessed (8 weeks, and 8, 21 and 33 months postpartum); for each of these time periods, we estimated seven models, one for each discrete measure of breastfeeding. However, instead of simply controlling for whether or not mothers breastfed for the relevant duration, we identify four groups of women, by whether they had planned to breastfeed, and whether they had actually breastfed for the relevant duration. These four groups are:
• Mothers who had not planned to breastfeed, and who did not breastfeed (reference group) • Mothers who had not planned to breastfeed, but who did actually breastfeed • Mothers who had planned to breastfeed, but who did not actually breastfeed • Mothers who had planned to breastfeed, and who did actually breastfeed Each regression thus generates three coefficients of interest; these coefficients are expressed as odds ratios, relative to the reference group. Table 4 presents results for mothers without prenatal depression symptoms. Column (2) displays odds ratios and confidence intervals for mothers who did not plan to breastfeed, but who did actually breastfeed; column (3) indicates whether these mothers are significantly different from the mothers in the reference group.
Column (4) presents odds ratios for mothers who planned to breastfeed but who did not breastfeed for the relevant duration; Column (5) present odds ratios for mothers who planned to breastfeed, and who did breastfeed for the relevant duration. Column (6) indicates whether the odds ratios in Column (4) and (5) are significantly different from each other. Thus, the test results in Column (3) indicate whether breastfeeding makes a difference in the case of women who did not originally plan to breastfeed, while the tests in Column (6) indicate whether breastfeeding makes a difference in the case of mothers who had planned to breastfeed. The strongest result from Table 4 is that breastfeeding is strongly associated with a lower risk of depression at Coefficients are expressed as odds ratios and 95 % confidence intervals. Each estimated coefficient comes from a different regression. Model A controls for the child's sex and parental education. Model B additionally controls for pregnancy and birth information; child characteristics at birth; demographic and socio-economic variables; and breastfeeding attitudes. Model C also controls for mother's health in pregnancy, interpersonal relationships, and stressful life events (see Table 6 in the Appendix). Sample sizes vary slightly between regressions; the range of N is given in each panel P values are indicated by asterisks, with * P \ 0.05, ** P \ 0.01, *** P \ 0.001
Matern Child Health J (2015) 19:897-907 901 Table 4 Results from logistic regressions: effects of breastfeeding on postpartum depression (mothers not at risk of depression during pregnancy) Each row presents a set of three coefficients from the same regression; these are expressed as odds ratios relative to the reference group, with 95 % confidence intervals. The coefficients in each row come from a different regression. Model C is estimated, controlling for all variables in Table 6 .Sample sizes vary slightly between regressions; the range of N is given in each panel P values are indicated by asterisks, with * P \ 0.05, ** P \ 0.01, *** P \ 0.001 8 weeks postpartum, for women who had planned to breastfeed. The odds ratios in Column 4 are all well over 1, while the odds ratios in Column 5 are all well below 1; the differences between the two are statistically significant at the 1 % level or better for the first six measures of breastfeeding, and significant at the 5 % level for the remaining measure. The effects are smaller for later assessment periods. At 8 and 21 months, the odds ratios in Column 5 are lower than the odds ratios in Column 4 in almost all cases; however, the differences are not statistically significant. At 33 months, the differences are larger again, and are significant at the 1 % level for three of the seven measures of breastfeeding. Interestingly, among the group of mothers who had not planned to breastfeed, the risk of depression was higher among women who went on to breastfeed. These differences are statistically significant for depression measured at 21 months, the largest being for any breastfeeding for 2 weeks on EPDS at 21 months (OR 1.62; 95 % CI 1.12, 2.36); at 8 weeks and 33 months the coefficients are all positive, though not generally significant at the 5 % level). To test whether our results were driven by a few mothers with very severe depressive symptoms, we repeated the analysis excluding those mothers with EPDS scores of 20 or more (the cut-off used in general practitioners' guidelines [35] ); the results were virtually the same. We also investigated whether the effects depended on whether the mother was primiparous or multiparous, as suggested by [36] ; again, the results were not affected.
Results for mothers who had been assessed as at risk of depression during pregnancy are shown in Table 5 . For this group, results are less well defined, at least in part because of the smaller sample size. Our findings suggest that among women who had planned to breastfeed, breastfeeding is associated with a lower risk of PPD (as for mothers not depressed during pregnancy, although with a much smaller effect). However, for previously depressed mothers, there may also be a protective effect from breastfeeding when mothers had not planned to breastfeed. These results should be interpreted with caution: the only significant effect was found on EPDS measured at 8 weeks and for at least 4 weeks' exclusive breastfeeding (OR 0.42; 95 % CI 0.20, 0.90).
Discussion
The aim of this study was to examine whether breastfeeding influenced the risks of postnatal depression. This study extends previous research by using a large longitudinal dataset; controlling for a large set of socioeconomic, relational, and psychosocial confounders; measuring maternal mood at different time points both before and after delivery; and utilising several measures of breastfeeding initiation, duration, and exclusivity.
We found that the effect of breastfeeding on maternal mood differed by both maternal mental health during pregnancy; and whether mothers intended to breastfeed. To our knowledge, this study is the first to document this result.
For the majority of mothers who did not show symptoms of depression before birth, breastfeeding decreased the risk of PPD among mothers who had intended to breastfeed, but increased the risk of PPD among mothers who had not intended to breastfeed.
We also found that the beneficial effects of breastfeeding were strongest at 8 weeks after birth, and that the association was weaker at 8 months and onwards. This finding is in line with the findings of the only other longitudinal research in this area [37] which significant effects at 6 weeks but not at 12 weeks postpartum. Our results are nevertheless important, because of the established relationship between depression, even in the very early postpartum period, and maternal-infant bonding [38] .
Estimates for the smaller group of mothers who had shown signs of depression during pregnancy were less precise, but differed from the estimates for non-depressed women in two important ways. The protective effects of breastfeeding as planned were smaller for women who had been depressed during pregnancy; but exclusive breastfeeding for 4 weeks appeared to exercise a protective effect for this group, which it did not do for the women who had not been depressed in pregnancy.
We recognize several limitations in our analyses. Although we employ the most commonly used measure of depressive symptomatology, we acknowledge that including a clinical diagnosis of antenatal and PPD would have increased the value of our findings. Also, misclassification bias may arise when relying on self-report methods to assess breastfeeding outcomes. Thirdly, even though we use a large population-based sample with low loss to follow-up, sampling bias resulting from the voluntary nature of participation in the survey could have influenced results. For instance, we acknowledge a shortfall in the numbers of ethnic minority mothers that may limit the generalizability of the results. Finally, even though we control for many more potential confounders than any other study on the subject, there may remain some unobserved factor, for example aspects of maternal IQ or personality, which could affect the results.
In summary, the effect of breastfeeding on maternal depression symptoms was found to be highly heterogeneous and, crucially, mediated by breastfeeding intentions during pregnancy. Our most important finding relates to the majority of mothers who were not depressed during pregnancy, and who planned to breastfeed their babies. For these mothers, breastfeeding as planned decreased the risks of PPD, while not being able to breastfeed as planned increased the risks. These findings have implications for Each row presents a set of three coefficients from the same regression; these are expressed as odds ratios relative to the reference group, with 95 % confidence intervals. The coefficients in each row come from a different regression. Model C is estimated, controlling for all variables in Table 6 .Sample sizes vary slightly between regressions; the range of N is given in each panel the way in which new mothers are supported; they suggest that the provision of expert breastfeeding support may, in addition to increasing breastfeeding rates and durations, have the additional benefit of improving mental health outcomes among new mothers. At the same time, it is clear that where mothers had intended to breastfeed, not being able to breastfeed may have deleterious consequences on their risk of PPD, and that providing specialised support to new mothers who had intended to breastfeed, but who for some reason find themselves unable to breastfeed, may also constitute a desirable health policy objective. 
